. The primary purpose of this paper is to investigate the influence of loading procedure type. To reach this aim, we have chosen the Baltic Sea Klaipėda sand, due to granulometry composition and particles shape. The paper examines several key aspects of sand compression type, namely comparison between one-step (constant rate loading) and step-wise (incremental loading) oedometer compression tests. In this manuscript, we present investigation of sandy soil compression character up to maximum 400 kPa loading. This research shows the difference between two loading procedures. The main objects of research: investigation of stress jumps during one-step and step-wise soil sample loading. The analysis of the results shows that when soil was compressed by step-wise loading procedure (0.94 mm) displacements were almost twice as big as in case of one-step loading procedure (0.57 mm).
INTRODUCTION
Soil compressibility parameters and their usage, which are needed for designers and constructors, are obtained in each construction site while examining physical and mechanical properties of soils. Soil compressibility parameters and using them in determination of soil settlements usually are defined with some inaccuracies. Having knowledge about these inaccuracies, disadvantages of testing equipment could be eliminated, methodology of data evaluation could be developed, soil parameters could be determined more precisely, and foundations could be designed more economically.
Experimental investigations don't answer to many questions, so numerical modelling is a very important investigation method for soil mechanical parameters and behaviour. Mathematical models have to reflect physical and mechanical points of soil (Cundal, Strack, 1979) , so it's a necessary experience and engineering idea. Recently, the discrete element method (DEM) has gained attention to model irregular particle morphology. The study of particle morphology plays an important role in understanding the micromechanical behaviour of cohesionless soil. Mechanical behaviour of granular soil depends on various morphological characteristics of soil grains such as their particle size, shape and surface texture. Therefore, accurate characterization and quantification of particle shape is necessary to study the effect of grain shape on mechanical behaviour of granular assembly. Reliability and accuracy of numerical DEM modelling for sand soil behaviour depends on the modelled soil and discretization level of particles (Bono, McDowell, 2015) .
In this research work, we present only the experimental part of oedometer compression tests of sand from Klaipėda, concentrating on the compression curve character. The soil compression curve mostly obtained in literature is presented as a void ratio and normal stress dependence (Uygar, Doven, 2006) . Other authors present soil compression curves with vertical loading from 5 to 10 kPa (Comina et al., 2008; Shipton, Coop, 2012) . In this case, it is not necessary to show what happens with the soil compression curve when vertical stress is from 0 to 5 or 10 kPa.
The main idea of this research work is to show the importance of results obtained with one-step (CRL, constant rate of loading) and step-wise (IL, incremental loading) loading tests procedures. The morphological parameters of investigated sand grains for discrete model creation have been determined earlier (Skuodis et al., 2014) . Therefore, the primary purpose of this article is to investigate the influence of loading procedure type on future numerical simulations with DEM of oedometer test.
In Lithuania, for shallow foundations or pile (pile group) settlements calculations, the Summing method is usually used (Vitale, Skuodis, 2013; Sližytė et al., 2012 ). This method is mostly used, because the calculated settlement according to common soil types which are in Lithuania is having the best matching with real settlements of engineering structures foundations. Nevertheless, usually the settlement calculated with the Summing method is slightly different from the real settlement of the engineering structure or building. According to this difference of settlements, research work was conducted in order to simulate step-wise (Bo et al., 2015) foundation load increment as it is in the site and to compare the obtained results with one-step loading. The maximum stress value chosen for experimental investigations was 400 kPa. This loading covers almost all typical Lithuanian buildings loads (according to building life cycle stages (WBSCD, 2007): production, construction and use) transfer on foundations, which are transmitting upper structure stress range for soil (Archer, Heymann, 2015) .
Each continent or country has the most investigated soil type (sand, clay, etc.) which can be called the standard soil type. Standard sand is high quality silica sand that is free of organic matter and is used in making tests (Ojuri, Agbolade, 2015) . For example in Great Britain it is a very famous London clay (Tsiampousi et al. 2016 ), in Norway -quick clay (Solberg et al., 2016) , in the USA -Ottawa sand (Guo, Su, 2007) . This is the reason why Klaipėda sand was chosen for one-step and stepwise tests comparison.
EXPERIMENTAL SETUP
The investigated area is located in the southern part of the Lithuanian mainland area of the Baltic Sea (the northern part of Klaipėda city). Northwards from Klaipėda city, only the immediate near-coast area contains a sandy strip of Holocene marine sediments (m IV), which occur as deep as to 4-5 meters in the sea (Česnulevičius et al., 2017; Skuodis et al., 2014). The mineralogical composition of sand under investigation was determined by Amšiejus et al. (2010) , where sand was found to contain ~85% of quartz and ~6% of feldspar with the remaining contribution of carbonate, mica and some other minerals. The obtained granulometric curve of investigated sand is presented in Fig. 1 . Sand uniformity coefficient is C U = 1.47 and coefficient of curvature is C C = 0.93 (according to ISO 14688-2). These parameters represent the shape of the grading curve and denote the even-graded granulometric curve.
The average density of particles (ρ s ) varied from 2.65 to 2.67 g/cm 3 The compression tests were performed with a fully automatic oedometer test device (Fig. 2) . During testing, prepared sample height was 3.39 cm and diameter 7.14 cm. Sample bulk density (ρ) varied from 1.74 to 1.76 g/cm 3 , with water content W = 4.00%.
Testing procedures were run with controlled load increment up to the maximum load of 400 kPa. For one-step loading testing procedure, the load ramp was 400 kPa/min, the same load ramp was used and for step-wise testing procedure.
Step-wise testing procedure consisted of 5 different loading steps, namely 50, 100, 200, 300, and 400 kPa. When each loading step was reached, the vertical load was kept for 15 minutes and only then another load step was applied (Schiffman et al., 1969; Negahdar et al., 2015) .
For comparison of testing procedures, 12 onestep and 12 step-wise loading tests were performed. The decision to use load ramp 400 kPa/ min was accepted after several tests, where the influence of load ramp (25, 50, 100, 200, 300, 400, 800 kPa/min) on compression curve character was investigated (Fig. 3) . In all different rate of loading cases, the vertical stress of 400 kPa was reached.
According to results presented in Fig. 3 (Skuodis, Norkus, 2012), loading ramp did not have any influence on compression curve. During load ramp. stress jumps at 50-100 kPa were obtained. The major repositioning of particles was observed near the top of the sample, where the main particles repositioning occurred, which is explained by Skuodis et al. (2014) .
Knowing that load ramp from 25 to 800 kPa/ min has no influence on compression curve, there 
ANALYSIS OF OBTAINED RESULTS
First of all, we analysed continuous one-step loading tests results (Fig. 4) . 12 experiments for one-step loading procedure using the load ramp of 400 kPa/min were carried out. The stress jumps were not so expressed (Barr et al., 2014) as it is presented in Fig. 3 , because in this investigation soil samples with water content W = 4.00% were used. Obtained inaccuracies at the low vertical stresses (at the sample and porous stone contact) are explained by Skuodis and Šlečkuvienė (2013) . In this case, the loading piston with porous stone seeks to get in contact with the sample, and testing procedure recognises a contact between the sample and porous stone when the vertical stress value is at least 10 kPa. The same inaccuracies were obtained for step-wise loading tests too (Fig. 5) . The step-wise testing procedure consisted of 5 different loading steps: 50, 100, 200, 300, and 400 kPa. When each loading step was reached, the vertical load was kept for 15 minutes and only then the other load step was applied. 12 experiments for step-wise loading procedure using load ramp of 400 kPa/min were carried out (Fig. 5) .
From comparison of results obtained by onestep (Fig. 4) and step-wise (Fig. 5 ) loading procedures we see that the sample compaction process appeared for step-wise loading testing (during 15 min of constant vertical stress load, after each of 5 different loading steps is reached). Additional sample compaction leads to displacements increment at different step loading stresses (Fig. 6) .
Analyzing results presented in Fig. 6 we see that, higher displacements increment magnitudes of 0-0.053 mm were obtained for low stresses (50 and 100 kPa) and lower displacements increment magnitudes of 0.01-0.04 mm for higher stresses (200, 300, and 400 kPa). Before testing, it was assumed that almost all displacements reach their final magnitudes in first 5 seconds when load is applied (Skuodis, Amšiejus, 2011) . A detailed compression behaviour of sand samples loaded with different loading steps is presented in Figs. 7-11. In these figures we can see displacements increment at different loads (50, 100, 200, 300, 400 kPa) during 15 min (12 experiments were carried out).
Analysis of different loading steps' preloading time of 15 min (Figs. 7-11) showed that the examined sand soil was reacting differently at different loading steps stresses. That is a very important 
CONCLUDING REMARKS
The primary purpose of this paper was to investigate the influence of loading procedure type for future investigations on numerical simulations of oedometer test with the discrete element method. The current research concentrated on detailed experimental investigations of Klaipėda sand compression with the oedometer test device. The Baltic Sea Klaipėda sand was chosen due to granulometry composition and particles shape. This research shows the difference of one-step and step-wise loading procedures. The obtained results revealed that step-wise and one-step loading procedures lead to different results even when sandy soil is tested. Analysis of one-step loading tests revealed that there were no stress jumps for sand with water content W = 4.00%. Stress jumps were obtained only in air-dry sand compression tests results. For step-wise loading testing, we obtained a higher displacements magnitudes dispersion at low stresses (50 and 100 kPa) and a lower displacements magnitudes dispersion at higher stresses (200, 300, and 400 kPa). This effect of stress jumps is similar to that obtained for air-dry soil testing, only in this case stress is constant, but displacement is increasing. Displacement increment is explained as particles repositioning effect (according to literature analysis). This research work represents only one soil type (sand). For other soil types as clay, silt, etc., it is not possible to apply obtained results. The influence of the above-mentioned factors, contributing to the accuracy of numerical modelling, is a future trend.
